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We review the recent experimental results on the exotic charmoniumlike states. Among them we discuss the X(3872), 
y(3940), Z±(4430) and Z^^ states found in B-meson decays, the Jf (3940) and X(4160) states produced in double 
charmonium production and the y(4260), y(4325), y(4660) and X(4630) states produced with initial-state radiation 
in e+e^ annihilation. 



1. INTRODUCTION 

The first charmonium state J/^{IS), the bound system consisting of the charmed quark c and anti-quark c, was 
discovered in 1974 Nine more charmonium states, the r]c{lS), Xcoi^P), Xci{^P), Xc2{^P), ipi^S), -0(3770), 
-0(4040), ^(4160) and -0(4415) were observed shortly afterwards. Some of them, the so called -0 states with quantum 
numbers J^'-^ = 1 , were found in e~^e~ annihilation. Four observed resonances have masses above open charm 
threshold ^. Other states were observed in radiative decays of the J/tp or 0(25"). During the next two decades no 
other charmonium states were found. Meanwhile, the decay properties of the known states were carefully studied. By 
the beginning of the XXI century the masses and widths of cc states as well as their hadron, lepton and two-photon 
decays were described by theory with good accuracy. 

A new charmonium era started in 2002. During the past six years numerous charmoniumlike states were discovered. 
Among them, only the hc{lP) [2], ric{2S) Q and Z{3930) = Xc2(2P) '4] have been identified as candidates for 
conventional charmonium, while a number of other states with masses above open charm threshold have serious 
problems with a charmonium interpretation. Many states observed in B decays remain unidentified: the A" (3872) [al, 
Z±(4430), Zi^2 BM- The nature of the so called y(4260), F(4325), F(4660) and X(4630) states^, 

^ with quantum numbers J^*^ = 1 that are produced in e+e~ annihilation also remains unclear. Two 

new states, the X(3940) 14] and X(4160) [lB|, were discovered in double charmonium production and have also not 
yet been assigned to any of the vacant charmonium levels. 

There are a variety of theoretical interpretations of the new states. The conservative models [3| suggest a recon- 
sideration the effect of the numerous open charm thresholds on the parameters of the conventional cc states predicted 
within the potential models. However, most recent approaches admit the existence of exotic states in the charmo- 
niumlike spectrum. Among them are: the models suggesting multiquark states that include either molecular states 
(two loosely bound charm mesons {cq){cq)) [l3], or tetraquarks (tightly bound four-quark states, [cg][cg]) 18|; char- 
monium hybrids (cc-gluon with excited gluonic degrees of freedom) [l9| ; hadro-charmonium (compact charmonium 
states, J/V', -0(25"), Xc, "coated" by excited light-hadron matter) [20|. An indication of the existence of exotic states 
would be the observation of charmoniumlike states with quantum numbers forbidden for conventional charmonium 
or an extremely narrow width. Discovery of states with non-zero charge (e.g. [cu][cc?]), strangeness (e.g. [c(i][cs]) or 
both (e.g. [cii][cs]) would be also an obvious sign of the existence of multiquark states. 
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2. X(3872) 

The narrow charmoniumlike state ^(3872) produced in the exclusive decay K^tt^tt^ J/tp was discovered 

by Belle in 2003 (sl with a statistical significance of 10.3cr. The mass of this state, which decays in tt+tt" J/0, was 



'^mass of two charm mesons ~ 3.73GeV/c^. 
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Figure 1: Babar '34]: Mass distributions of J/i/>7 (left) and of V(2S)7 (right) for B X(3872)K, X(3872) ^ J/i/'(i/)(2S))7). 
The points represent the data and the solid curves show the results of a fit to a Breit-Wigner enhancement above a linear 
background. 



measured to be (3872.0 ± 0.6(stat.) ± 0.5( sys.)) MeV/c^ in a close proximity to the Mjjo + Mjj.o mass threshold. 
The width of the X(3872) was found to be surprisingly small: F < 2.3 MeV at the 90% C.L. The existence of the 
X(3872) was confirmed by CDF 2l| and DO 2^, who reported the observation of a tt^h^ J/ip resonance consistent 
with X(3872) produced inclusively in pp collisions, and by BaBar who found X(3872) in — > K^tt^tt~ J/tp 
decays. Today the world average mass and width values of the X(3872) are M — (3872.2 ± 0.8)MeV/c'^ and 
F = (3.0t?;^)MeV 0, respectively. 

It was found by Belle [5] and confirmed by CDF [2^ that the tt+tt^ invariant masses concentrate near the upper 
kinematic boundary that corresponds to the p° meson mass. Charmonium decays to ffJlit> violate isospin and are 
expected to be strongly suppressed. Observation of the decay X(3872) J/il^l [261, |27| and indications of the decay 
X(3872) ojJ/il) fix Cx — +1 and confirm that the decay X(3872) — + 7r+7r^Jy/i/)_^ proceeds via p^J/i/'- Spin-parity 
analysis of the X(3872) state in the final state /i+/i^7r+7r^ performed by CDF [28j demonstrated that only C-even 
assignments J^^ = 1++ and 2 ^, decay via J jilip^ in the both cases, describe the data. Belle measurements [2^ 
favor quantum numbers J^*^ = However, the J > 1 assignments were not examined in the Belle angular 

analysis. 

Neither the Xci(2P) (corresponding to J^*^ = nor the r\c2 (corresponding to J^'^ ~ 2 ^) are expected to 

have such a large branching fraction for the decay to the isospin violating p'^J/ij} mode. For example, the ?7c2 is 
expected to decay dominantly into light hadrons, while the Xci(2P) should have a B{X{2>i72) J/ipj) that is at 
least two orders of magnitude larger than that measured for the X(3872). Moreover, the mass of the X(3872) is 
~ lOOMeV/c^ smaller than the expected Xci{2P) mass. The most popular option for the X(3872) interpretation is 
an S-wave D^D*'^ molecular state (s^l- This proposal is motivated by the proximity of the ^(3872) to the D^D*^ 
threshold: Mx 



Mdo + Md'O = (3871.81 ± 0.25) MeV/c^ 



2J]. In the molecular model, the X(3872) is naturally 
state; admixtures of decays to p^J/tp and ujj/ip are expected; a small B{X{3872) J/V'7) is also 
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predicted. Other options for the X(3872) are tetraquark states [sij, hybrids 32 1 or a threshold effects 

This year BaBar updated the measurement of X(3872) J/V'T and reported a new decay mode, X(3872) — 
'0(2S')7, 34 1 . Figure [1] shows the X(3872) signals seen in these two modes. The branching fraction B{B^ — 
X(3872)^£) X B{X{3872) J/ipj) = (2.8 ± 0.8(stat.) ± 0.2(sys.)) x 10"*^ is in agreement with previous measure- 



ments 
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27|, while B{B^ X{3872)K^) x B{X{3872) ip{2S)j) = (9.9± 2.9( stat.) ± 0.6(sys.)) x 10"^ is found 
to be unexpectedly large. This measurement is inconsistent with a pure D^D*^ molecule interpretation of X(3872) 
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and favors the model assuming mixing of a D'^D*'^ molecule with a conventional charmonium state 

As a check of the tetraquark hypothesis, BaBar searched for a charged partner of the X(3872) in the decay 

J/tpTT~Tr'^ [36|. The obtained upper limits on the production of charged X(3872) 
^ J/V'tt-ttO) < 5.4 X 10-6 at the 90% C.L. and B{B- ^ 



B X{m2)-K, X{3872)- 
partners are B{B° X{3872)-K+) x S(X(3782) 
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X{3872)-K°) X B{X{3872)- ~> J/tpir'-n^) < 22 x lO"'^ the 90% C.L. This measurement excludes an isovector 
hypothesis for the X(3872). 



The diquark-diantiquark model [3l| predicts that the observed X(3872) is one component of a doublet of states. 
In this model, the X(3872) produced in charged B decays would have a mass that is different from its coun- 
terpart in neutral B decays by AAf = (7 ± 2)/ cos(20) MeV/cf, where 6* is a mixing angle that is near ±20°. 



In order to test this hypothesis both BaBar [37| and Belle [38[ performed studies of the X(3872), produced 
in B+ X{3872)K+ and B" -> X(3872)Xg decays, where X(3872) ^ J/^jn+n^. The ratio of branching 
fractions ^ X (3872) K°)/B{B+ X{3872)K+) is found to be 0.41 ± 0.24(stat.) ± 0.05(sys.) (BaBar) 

and 0.82 ± 0.22(stat.) ± 0.05(sys.) (Belle). These values are consistent with unity. The mass difference be- 
tween the X(3872) states from charged and neutral B decay modes, AM = Mxk+ ~ Mxk°, is found to be 
(2.7 ±1.6( Stat.) ±0.4(sys.)) MeV/c^ (BaBar) and (0.18 ± 0.89( stat.) ± 0.26( sys.)) MeV/c^ (Belle) and is consistent 
with zero. 

In addition. Belle searched for the X{3872) in the decay B° X{3872)K+7r- , X{3872) J/t/m+TT^ [38] and 
measured B{B" X(3872)(ii:+7r-)„o„rcs) x i3(X(3872) ^ J/^tt+tt-) = (8.1 ± 2.0( stat.)ii-i( sys.)) x 10"^ Unlike 
conventional charmonium the resonant contribution is found to be unexpectedly small: B{B'~' — > X(3872)iir*(892)'') x 
B{X{3872) J/ipTT+TT-) < 3.4x10"^ at the 90% C.L. The comparison of the Ktt mass spectra for the B -> %1^{2S)K'k 
and B X{3872)K'k candidates is shown in Figure [2] 




Figure 2: Belle fii]: the Ktv mass spectrum for the B 'il){2S)K-K{\eit) and B X(3872)74'7r (right) candidates. Left: B 
ip{2S)K*{?,'d2f is shown by the dotted red curve, B tp{2S)K2{U30f by the dash-dot magenta curve, and the background 
by the dashed blue curve. Right: B X(3872)(iC+7r")nonrcs is shown by the dash-dot red curve, B X(3872)_R'* (892)° by 
the dotted magenta curve, and the background by the dashed blue curve. 



To test the hypothesis that the X(3872) signal observed in the tt+tt^ J/^ decay mode contains two different states, 
CDF !39'] performed a careful study of the X(3872) line shape. The resolution function was studied using the ip{2S) 
signal. If two resonances are really merged, their mass splitting was found to be AM < 3.2(3.6) MeV/c^ at the 90% 
(95%) C.L., assuming an equal fraction for the two states in the peak. The measured X(3872) mass value by CDF, 
Mx = (3871.61 ± 0.16( stat.) ± 0.19( sys.)) MeV/c^, is the most precise mass measurement at the current time. 

In 2005 Belle showed a 6.4cr excess of events in the D^D'^n^ invariant mass in the channel B D'^D'^tt'^K, 
with a mass of ~ 3875MeV/c^ [4C| (Table [l|. This year BaBar also reported an observation of X(3875) decays to 



£)0£)*o ^ rpj-^g measured mass value, presented in Table HI was found to be in good agreement with the value 



measured by Belle and the weighted average is 4.5cr away from the mass measured in the J/V'tt^tt" decay mode. 
This year Belle presented an updated study of near-threshold enhancement in the D^D*^ invariant mass spectrum 
in B D^D*^K decays (Figure [3|) The significance of this enhancement is 8.8<t and the measured mass and 
width are consistent with the current world average values for the X(3872) in the n^n^ J/ip mode 



241. The mass is 



2.6(7 lower than the value obtained by BaBar [4l!|. The obtained branching fraction and width are compatible with 
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Figure 3: Belle [42| :distribution of M^q-^.q for D* — > _D'^7 (left) and D* D^tt" (right). The points with error bars are 
data, the dotted curve is the signal, the dashed curve is the sum of the background and the B D'^D*^K component, the 
dash-dotted curve is the contribution from the y(3940), and the solid curve is the total fitting function. 



the values previously published by Belle in Ref. [40| for non-resonant D'^D^n'^ decays; the mass is Icr lower, while 
only 30% of the data sample is in common. An alternative fitting method, using the Flatte distribution, gives results 
similar to those obtained with a traditional Breit-Wigner function. 



Table I: Measured parameters of the X(3872) state 



State 


M, MeV/c2 


Ttot, MeV 




Decay Modes 


Production 


Collaboration 


X(3872) 


3872.8 ±0.8 
PDG08 


PDG08 


1++ 
1++ 


tt'^tt^ J/ip 
7r+7r~ J/-)/) 


B ii'X(3872) 
B X(3872)X, PP 


Belle, BaBar 
CDF, DO 


X(3875) 
X(3875) 
X(3872) 


3875.2 ±0.7+°;^ 
3875. ito g ±0.5 
3872.6l°;4 ± 0.4 


1.22±0.31+°;3o 
3.0li;4 ±0.9 

n n+2.5-t-0.5 
■^•^-1.3-0.3 


?■• 

7?? 

7?? 




B KX{3S75) 
B ii'X(3875) 
B ii'X(3872) 


Belle [40] 
BaBar [41] 
Belle [42] 



This year we celebrate the fifth anniversary of the X(3872)! In spite of a large accumulation of experimental data 
and numerous theoretical approaches, the nature of this mysterious state remains to be established. 



3. ISR family 

The whole family of unexpected charmoniumlike states with masses above open charm threshold were discovered 
in the e+e~ tt+tt" J/7/;(V'(25'))7isr processes. (Measured masses and widths of discussed Y states are presented 
in Table [TTl ) The production with initial-state radiation (ISR) fixes the quantum numbers of these states to be 
J^*^ = The absence of open charm decay channels for these states is inconsistent with their interpretation as 

conventional charmomium. Partial widths of decay channels to charmonium plus light hadrons are found to be much 
larger than those usual for conventional charmonium states. 

The first state, called the F(4260), was discovered by BaBar as an accumulation of events near 4.26 GeV/c^ in the 
invariant mass spectrum of n^n^ J/ip fo^. The new resonance was immediately confirmed by CLEO both in a similar 
ISR study using data taken in the T(15 - 45) region and in the energy scan at = (3.97 - 4.26) GeV/c^ [44|. 



In addition to the y(4260) state observed in the tt+tt invariant mass distribution. Belle has found another wide 
cluster of events around 4.0 GeV/c^, called the 1^(4008) 10|. It has been shown that a fit using two interfering Breit- 



Wigner amplitudes described the data better than a fit assuming one resonance, especially for the lower-mass side 
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Figure 4: (Left) BaBar [45|: the ISR- produced ■k'^tv' J/ip invariant mass distribution. The dots represent the data, the solid 
curve shows the fit result, while the dashed curve represents the background contribution. (Right) Belle the M^+^- 

spectrum for the signal region. The solid curve represents the result of the fit. The threshold function is shown by the dashed 
curve. The combinatorial background parameterizations is shown by the dashed-dotted curve. 



of the 4.26 GeV/c^ enhancement. This year BaBar presented an update of the y(4260) resonance study (Figure IH 



left) and did not confirm the broad structure around 4.0GeV/c^ 4q . 



Another structure, called the y(4325), was observed by BaBar in the e+e 



4.32 GeV/c2 



'TT ip{2S) cross-section near 



Belle performed a similar study and claimed the existence of two resonant structures, one, in 
agreement with the BaBar study, is observed near 4.36GeV/c^ and another, called y(4660), near 4.66GeV/c^. Belle 
parameterized the n^TT~il}{2S) mass spectrum with a coherent sum of two Breit-Wigner amplitudes No sign 

was found either of r(4260) (r(4008)) decay to 7r+7r~^(2S'), or of r(4325) (y(4660)) decay to n+n-J/^. 

The observation of the K(4260) motivated numerous measurements of exclusive e^e~ cross sections for charmed 
hadron pairs near threshold. Belle presented the first results of the exclusive e^'^e^ cross sections to DD {D = 

BaBar has measured cross sections for 



or 



46, 



47, 



D+D*-, D*+D*'- and D^D'tt+ final states using ISR 
e+e^ —f DD using ISR [i^. CLEO-c performed a scan over the energy range from 3.97 to 4.26 GeV and measured 
exclusive cross sections for DD, DD* and D*D* final states at twelve points with high accuracy (50|. Surprisingly, 
no evidence for open charm production associated with any of the Y states (which is expected for a conventional 
charmonium with such large masses and widths) has been observed, in fact the F(4260) peak position appears 



5l| and of the exclusive cross section for 



to be close to a loc^al minima of both the total hadronic cross section 
e+e- ^ D*+D*- 

The absence of available J^^ = 1 charmonium levels for the Y states is another problem for their interpretation. 
V'(4040) = 3^Si, V'(4160) = 2^Di and V(4415) A^Si states are well established, while masses of 3^Di{4:56Q), 
5'^ 5*1 (4760), 4^_Di(4810) states predicted by the quark model [s^l are higher or lower than the observed Y masses. 
To resolve this problem some models calculate 3'^Di(4350), 5^5*1(4660) with shifted masses 0. Coupled-channel 
effects and re-scattering of charm mesons is another possible way to explain the observed peaks 5J|. The most 
popular exotic option for the Y states is that they are the hybrids expected by LQCD at 4.2 — 5.0GeV/c^ [sH]. 
Other sug gest ions are hadro-charmonium multiquark states including [eg] [eg] tetraquark [s^, DDi or D^D*^ 
molecules 



57|, /o(980)i/'(2S') molecule for the y(4660) [58| . 



Recently Belle has reported a significant near-threshold enhancement in the e"* 



A+A^ exclusive cross section. 



cahed the A(4630) (Figure H right) [l3|. The nature of the A(4630) remains unclear. Assuming the A(4630) to 
be a resonance, Belle obtained the mass and width values, presented in Table [Til which are consistent within errors 
with the mass and width of the F (4660) state. On the other hand, in many processes, including three-body B meson 
baryonic decays, mass peaks are observed near baryon antibaryon mass thresholds [59|. Finally, the interpretation 
of the A (4630) as a conventional 5^ Si charmonium state 5^ 60 1 or as a threshold effect, caused by the presence of 
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the ^{3D) just below the A+A^ threshold cannot be excluded |6ll |. 



Table 11: Measured parameters of the Y states 



State 


M, McV/c2 


Ttot, MeV 




Decay Modes 


Production 


Collaboration 


y{4008) 


4008 ± 40^2^'' 


226 ± 44 ± 87 


1 


7r+7r~ J/tp 


e+e-(ISR) 


Belle 07 fl2] 


y{4260) 
y{4260) 
y{4260) 


4259 ± 8tg 
4252 ± 6tl 
4247 ± 12+32 


88 ± 23^4 
105 ± 18lg 
108 ± 19 ± 10 


1 

1 

1 


7r+7r~ J/tp 

TT+TT^ J/l/) 

7r+7r~ J/i/) 


e+e-(ISR) 
e+e-(ISR) 
e+e-(ISR) 


BaBar 05 [9] 
BaBar 08 [45| 
Belle 07 flO] 


y{4325) 
y(4325) 


4324 ± 24 
4361 ± 9 ± 9 


172 ± 33 
74 ± 15 ± 10 


1 

1 


7r+7r~?/)(2S) 
7r+7r-'i/'(25) 


e+e-(ISR) 
e+e-(ISR) 


BaBar 06 [11] 
Belle 07 fl2] 


y{4660) 


4664 ± 11 ± 54 


48 ± 15 ± 3 


1 


7r+7r-'i/)(2S') 


e+e-(ISR) 


Belle 07 fl2] 


X(4630) 


46341^1^ 


09+40+10 
y^-24-21 


1 


A+A- 


e+e-(ISR) 


Belle 08 fl3] 



processes (Table 
- 3.930 GeV/c^ 



4. The XYZ{3940) family 

Curiously, three charmoniumlike states were observed with similar masses near 3.94GeV/c^, but in quite different 

r. The Z(3930) state was found by Belle in two-photon collisions 77 DD with a mass 
The production rate and the angular distribution in the 77 center-of-mass frame favor the 
interpretation of Z(3930) as the Xc2(2P) charmonium state. 

Another charmoniumlike state, the Ar(3940), has been observed by Belle in the double charmonium production^ 
in the process e+e~ J/ipDD* in the mass spectrum recoiling against the JN) ij]. This year Belle confirmed 
the observation of X(3940) DD* with a significance of 5.7(t (Figure [5]) 15|. In addition Belle found a new 
charmoniumlike state, X(4160), in the processes e+e^ J/'0A'(416O) decaying into D*D* with a significance of 
5.1CT. Parameters of the A:(3940) and A:(4160) are presented in Table Hill Both the X(3940) and the X(4160) decay 
to open charm final states and therefore could be attributed to 3^5o and 4'^S'o conventional charmonium states. 
However, the problem with this assignment is that potential models predict masses for these levels to be significantly 
higher than those measured for the X(3940) and A'(4160). 




4.6 
GeV/c'' 



> 



o 
in 




M(D d; 



GeV/c"' 



Figure 5: Belle [li]: The M{DD*) spectra for the e+e" -» J/ipDD* process (left). The M{D*D') spectra for the e+e" ^ 
J/tpD* D* process (right). Points with error bars correspond to the signal windows while histograms show the scaled sideband 
distributions. 



^The double charmonium production in e+e annihilation was first observed by Belle in 2002 [62 
pseudoscalar charmonia are produced copiously recoiling against J/ip or 1/1(25). 



It was also found that scalar and 
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Finally, the y(3940) state was observed by Belle as a near-threshold enhancement in the uiJ/iIj invariant mass 
distribution for exclusive B — > KloJ/^P decays with a statistical significance of S.lcr Recently BaBar found an 
LoJ/tp mass enhancement at ~ 3.915 GeV/c^ in the decays — > K'^^'^ujJ/^' [s^I and confirmed the Belle result, 
but obtained a lower mass and smaller width and reduced the uncertainty on each by a factor of ~ 3. The F(3940) 
mass is two standard deviations lower than the Z(3930) mass, and three standard deviations lower than for the 
X(3940); the width agrees with the Z(3930) and X(3940) values. The ratio of B° and B+ decay to Y{39A0)K, 
Ry = 0.27j^n'9q( stat.)tn'nf ( svs.), is found to be ^ 3 standard deviations below the isospin expectation, but agrees 
with that for the X(3872) 0. 

In the Belle study of the e+e^ — > J/V'X(3940) process no signal for the decay X(3940) loJ /ip was found. 



On the other hand the decay r(3940) D"D*° was not observed in the B r(3940)if [43. The obtained upper 
limits: e(y(3940) ^ ujJ/^P)/B{Y{3M0) DW*^) > 0.71 at the 90% C.L. and B{X{3M0) luJ/iIj)B(X{3M0) 
D°D*°) < 0.58 at the 90% C.L., allows to claim that the X(3940) and the r(3940) are different states 142[. 



Table III: Measured parameters of the XYZ(3940) states 



State 


M, MeV/c2 


Ttot, MeV 




Decay Modes 


Production 


Collaboration 


X(3940) 
X(4160) 


3942tg ± 6 
4156+20 =•= 15 


37^11 ± 8 
139+gJ^ ± 21 


?• + 
?• + 


DD* 
D*13* 


e+e- J/V'X(3940) 
e+e- J/i)X{Aim) 


Belle 07 [15] 
Belle 07 [15] 


y{3940) 
y{3940) 


3943 ± 11 ± 13 
3914.6^3 4 ± 2.0 


87 ± 22 ± 26 
34l^^ ± 5 


?■ + 

?• + 




B i<'y(3940) 

B i<:y(394o) 


Belle 05 ^ 
BaBar 08 [63] 


Z(3930) 


3929 ± 5 ± 2 


29 ± 10 ± 2 


2++ 


DD 


77 Z(3940) 


Belle 05 [4] 



5. The first candidates for charmonumlilte states with nonzero electric charge 

Last year Belle reported an observation of the first candidate charmoniumlike state with nonzero electric charge Q . 
Such a state, if it exists, could only be a multiquark state and not conventional charmonium or a hybrid. A distinct 
peak, called the Z(4430)+, was found in the TT^ip{2S) invariant mass distribution near 4.43 GeV/c^ in i? — Ktt^^P{2S) 
decays with a statistical significance of 6.5a. A fit using a Breit-Wigner resonance shape yields a peak mass and 
width of (4433 ± 4(stat.) ± 2( sys.)) MeV/c^ and T = (45ti3( stat.)+i3) MeV. The product branching fraction is 
determined to be B{B -> KZ{U30)) x ^(^(4430) ^ tt+iP{2S)) = (4.1 ± 1.0(stat.) ± 1.4(sys.)) x 10~5. 

This year BaBar presented a search for Z(4430)" -> J/^Jir- and Z(4430)" ip{2S)Tr- in B Kt:- J /i}{il){2S)) 
decays, where K — Kg or [64]. BaBar performed a detailed study of Kn^ reflections into the J/ipn~ and 
ip{2S)TT^ masses (in S-, P-, D-waves) to describe background for both J/ip and ?A(2S') modes. From the flts to 
J/^Tr~ mass distribution, in which background shape was fixed and S-wave Breit-Wigner is used as signal function, 
no evidence for any enhancement for J/ip samples was obtained. From a similar fit for ip(2S) data, small signals 
with significance less than 3a were obtained. BaBar claimed no significant evidence for existence of the Z(4430)~. 

Recently, Belle reported the first observation of two resonance- like structures in the tt+XcI invariant mass distri- 
bution near 4.1GeV/c^ in exclusive B'^ K^n^Xci decays From a Dalitz plot analysis in which the tt+XcI 
mass structures are represented by Breit-Wigner resonance amplitudes. Belle determined masses and widths of these 
new structures, presented in Table [TVl and product branching fractions of B{B^ K~Z^2) ^ B{Z^2 ~^ '^'^Xci) = 
(3.0tjj(stat.)t5;6(sys.)) X lO"'^ and (4.0toJ( stat.)j:J^5'^( sys.)) respectively. The significance of each of the 

TT+Xci structures exceeds 5cr, including the effects of systematics from various fit models. 

To confirm the (4430) state more statistics and advanced Dalitz analysis are needed, while for a confident claim 
of the Z^2 existence a confirmation from BaBar is critical. 
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Table IV; Measured parameters of the Z states 



State 


M, MeV/c2 


Ttot, MeV 




Decay Modes 


Production 


Collaboration 


^±(4430) 


4433 ± 4 ± 2 

4051 ± 14+1° 
4248+44+180 


4c: + 18+30 
^•^-13-13 
09+21+47 
"^-17-22 
-, 77+54+316 
' -39-61 


7?? 
7?? 
7?? 


7r±V(25) 
'r^'^Xcl 
'r='=Xcl 


B A'Z±(4430) 
B KZ^ 
B KZf 


Belle 07 [7] 
Belle 08 [8] 
Belle 08 [8] 



6. Conclusion 

The discovery of numerous chamioniumlike states discussed in this review became possible due to the excellent 
performance of both the KEKB and PEPII i3-factories. A very high luminosity of e+e" colliders, constructed 
to search for CP-violation in B mesons, allowed them to be used as charmonium factories. Using all possible 
charmonium production mechanisms at center-of-mass energy near 10.548 GeV, the Belle and BaBar collaborations 
have made significant contributions to charmonium spectroscopy. Surprisingly, the major fraction of the observed 
charmoniumlike states with masses above open charm threshold cannot be explained as conventional charmonium. 
Although the number of exotic theoretical interpretations of these states is growing, they can still not explain all of 
the existing observations. The field remains puzzling and intriguing. More efforts are needed both to improve the 
theoretical understanding and to perform more precise measurements of exotic states at Super _B-factories. 
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